UAVs have the advantages of long endurance, remote operation, high load capacity, high reliability, etc. Its airborne energy power system is the key core technology of the aircraft platform. Based on the research on the electrical power supply system of UAVs, a starter/generator module for the hybrid power system is designed in this paper. This module has functions such as engine electric starter, power generation, secondary power supply, uninterrupted circuit, status monitoring, fault detection and so on. Through the modeling and simulation of permanent magnet brushless DC motor system and the hardware and software circuit design based on TMS320F28035 control chip, the Principle Prototype of starter/generator module was developed. The experimental results show that the module can work normally and achieve its function. That means hybrid UAV starter/generator module has good performances.
Introduction
With the rapid development of aviation science technology and energy power technology, UAV systems play an important role in military, national economy and people's life as information equipment, which have the advantages such as high intelligence, cost effective, high generality, and convenient in use and maintenance [1] . At present, the needs of UAV systems in vertical take-off and landing, long endurance, heavy loads, hovering, high altitude, and high reliability have spurred more technological development [2] . Energy power system technology is one of the core technical fields supporting the UAV systems. The hybrid power energy solution is one of the key research areas.
The technical solution of hybrid power system combines the advantages of high power density of gasoline engine and fast response of motor [4] . Vasil Trenev [5] have studied and proposed a power management system for an engine-driven UAV. The hardware architecture of the power management system includes starter/generator, battery and super-capacitors, power converters, and dedicated controllers. The system has high reliability, high energy efficiency and the ability to restart the engine. Because one motor is used as the starter/generator and super-capacitors are used to provide a high starting current to the motor, so the need for batteries is reduced, system weight is reduced, reliability and power density are improved. Hybrid technology can be divided into two types depending on the path of energy conversion and output: 1)All-electric drive type, that is, the fuel engine is only responsible for dragging the generator to generate electricity, and the power source of the aircraft is provided by the motor; 2) The engine drive type, that is, both the fuel engine and the generator provide the power of the aircraft [6] .Engine starter and generation are core technical issues that need to be considered in both categories. This paper proposes a starter/generator generation module scheme for hybrid power UAV based on TMS320F28035, which realizes starter control and power generation control of engine. This paper adopts system simulation, design of software and hardware, prototype experiment to verify that the starter/generator module has good function.
System simulation
The power system of hybrid power UAV in the paper is powered by both fuel and electric. When the UAV starts, the motor is driven by electric power and the fuel engine is rotated by motor. The control system sends the order of ignition when the speed of fuel engine is high enough. Then the fuel engine is driven by fuel and generates electricity. The electricity generated by motor is supplied to the whole system through the power supply management center. The structure of the power supply management center is shown in the Figure 1 . This chapter simulates the engine start control module and the process of switching the power generation state. The permanent magnet brushless DC motor [7] is used as the starter/generator, and the speed control is realized by the PID closed loop [8] . The back EMF zero detection method Figure 1 The architecture of airborne integrated starter / generator power supply management center
Modeling of permanent magnet brushless DC motor
The starter/generator's stator winding adopts star connection. The three-phase windings are completely symmetrical. The equivalent circuit is shown in Figure 2 . 
Here, the waveform of the back EMF waveform is the trapezoidal wave.
Modules of three-phase full bridge, back EMF, PWM and engine
The back-zero method of the back EMF is used to detect the rotor position of the motor. The back EMF of the permanent magnet brushless DC motor can be derived according to the formulas 1, 2 and 3 of the previous section, where Un is the neutral point voltage. The armature winding adopts two-way conduction mode, so there is a phase non-conduction at any moment where the current is zero. If phase C is not conducting, and phases A/B are turned on, it can be derived that iA = -iB. At the moment of commutation, eA+eB+eC=0. Add the above three equations to get:
The back EMF equation for phase C is:
By analogy, when phase B is not conducting, and phases A and C are turned on. The back EMF equation for phase B is:
When phase A is not conducting, and phase B and phase C are turned on. The back EMF equation for phase A is:
According to the back EMF formula above, a back EMF module is constructed, and the voltage of the three-phase winding is taken as an input by the voltage measuring module. The back-zero information of the back EMF is obtained through the processing of the back EMF module. The back EMF module is shown in Figure 3 .
Figure 3 Back EMF Module
The switch signals will be generated based on the zero point of back EMF. These switch signals are entered to the PWM generating module, in where they will be multiplied with a square wave signal having a certain duty ratio to generate a commutation signal. The duty cycle is controlled by the PI regulator. If the current motor speed is less than the specified speed, the duty ratio increases and the motor input voltage increases; otherwise, the duty ratio decreases, then the motor speed control is achieved. The PWM generation module is shown in Figure 4 .
Figure 4 PWM generation module
The engine can be regarded as a load during the starting. A positive torque is input to the brushless DC motor. When the engine enters the power generation stage, it is as prime mover, which provides torque to drive the motor. Here, the simulation modeling of engine can be realized by the M function.
Simulation system and simulation results
The complete system model is built with the above several simulation modules, as shown in Figure 5 . The system model is used to test the feasibility of the brushless DC motor without position sensor to control the engine start and the brushless DC motor to switch from the motor state to generator state.
According to setting the engine module Tm to simulate torque state applied by the engine to the brushless motor. In the starting phase, Tm in the engine module M function is set to 0.5 N/m, which is used to indicate the load of the engine as a brushless motor during the starting phase. When the brushless motor speed reaches the 2000 rpm, the engine connected to it will reach the same speed. At this time, the brushless motor is switched into a power generator state, and the engine acts as a prime mover, and outputs torque to driver the generator. The brushless DC motor outputs a back EMF and the uncontrolled rectifier circuit formed by the freewheeling diode in the three-phase full-bridge circuit is integrated into a direct current. Observe the voltage value at the input of the three-phase full-bridge circuit to verify the feasibility of power generation. The simulation results are as follows. Figure 6 shows the speed and back EMF of the brushless DC motor by using the senseless method. It can be seen that the speed is stable and the back EMF waveform is normal. Figure 7 is the back electromotive force of the brushless DC motor in the motor state switching to generator state and the output voltage after rectification, and the output voltage is kept stable within a certain range, indicating that it is feasible to switch to the generator state. 
Design of start/generator module
Through the above simulation system, it is verified that the brushless DC motor without position sensor to control the electric starting of the engine and the feasibility of switching the brushless DC motor from the motor state to the generator state. The software and hardware design is performed below for the start/generator module.
Hardware structure
Considering the real-time and high-precision requirements of the motor control system, as well as a large number of algorithm processing in the motor without position sensor control, TI's motor control dedicated DSP chip TMS320F28035 is used as the core control chip [11] .
It has high-speed signal processing capability and peripheral circuits suitable for motor control, which greatly reduces the size of the control system and improves the cost performance of the system. The block diagram of the hardware structure of the start/power module based on DSP is shown in Figure 8 . The block diagram includes functions such as engine electric start, power generation control, power conversion, status monitoring, energy management, and self-test.
The block diagram on the left is the engine electric start control module with DSP as the control core. The state information of the current motor is collected by sampling the opposite terminal voltage and the bus current. Therefore, according to the detection method of the back EMF zero-crossing point, the commutation signal with a certain logic sequence is output to the switch tube drive circuit, and the switch-on and turn-off of the switch tube in the three-phase full bridge is driven to realize the engine electric start function. Sampling of current, voltage, and temperature enables status monitoring and self-testing of the system. CAN communication realizes real-time communication function between starter/generator module and flight control. Receiving the igniter/pressure reducing valve signal sent by the flight control. The DSP outputs the igniter/reducing valve switching signal to control the igniter/pressure reducing valve switch.
The block diagram on the right implements primary, secondary, and energy management functions. The generator output AC is rectified by a freewheeling diode of a three-phase full-bridge circuit and output to a DC/DC module to realize a primary power supply. The primary power is input to the bus bar for powering the on-board electrical load. The secondary power module takes power from the bus bar and performs DC/DC conversion for powering the task load of different power requirements.
Design of motor start control software
The start control part software can be divided into two main program timer interrupt subroutines, as shown in Figure 9 . The main program is responsible for completing the functions of power-on self-test, system state detection, and flight control communication command processing. After the controller is powered on, the system is initialized to check whether the controller status is normal. If there is no fault, the controller powers up the power main loop. Receive flight control commands, including start and stop signals. If the start signal is detected, the fault is judged by detecting the bus voltage, bus current, three-phase phase voltage, motor temperature, and rotor position and speed. If there is a fault, the main program stops and reports the corresponding fault signal to the flight controller. If there is no fault, enter the control interrupt subroutine. The interrupt subroutine mainly realizes real-time acquisition of parameters such as bus current, starter/generator three-phase phase voltage, and obtains back EMF zero-crossing information by calculation and processing. It also outputs PWM waves with a certain logical sequence. In the interrupt subroutine, the timer interrupt flag will be cleared first. Then, the bus current and the three-phase voltage are sampled to obtain real-time status information of the motor. According to the collected data, the commutation time and the speed are calculated. Speed is fed back to the PID to realize the real-time adjustment of the duty ratio of the PWM signal to realize the speed control of the motor. At the same time, the collected state information is updated and saved in real time, and fed back to the flight control.
Prototype and verification test
After the above theoretical verification and module design, the prototype is fabricated and the experimental platform is built for verification experiments. Figure 10 shows the experimental platform. The motor is A5-2-160KV. The power output is 22.8V, 22000mAh, and the control code is written in the CCS compiler environment. Download the program to the DSP for execution. 
Prototype and test platform

Experimental results
The experimental results are shown in the figures below. According to the experimental results, the zero-point method of the back EMF method is successfully implemented to detect the motor position. The PWM wave duty cycle is adjusted by the PID real-time regulation to achieve the expected requirements of the start control module. In the experimental waveform of Figure 11 , the square wave waveform represents the commutation signal detected by the zero-point of the back EMF, and the trapezoidal wave is the actual phase voltage waveform. It can be seen that the commutation signal is basically delayed by 30 degrees from the zeropoint of the detected back EMF. In the experimental waveform of Figure 12 , the trapezoidal wave is the actual phase voltage waveform, and square wave current is the stator winding current.
Conclusions
Focusing on the needs of long endurance, remote operation, high load capacity, high reliability, etc. UAV hybrid power technology has become one of the key research areas. Aiming at the key technical problems of engine electric starter/generator power generation, this paper proposes a solution for starter/generator module of hybrid power UAV based on TMS320F28035.
Through the modeling and simulation of the permanent magnet brushless DC motor system, the feasibility of the start of sensorless brushless DC motor and the switching process between the generator and motor state is verified. The hardware and software circuit are designed based on TMS320F28035 and high power density MOSFET device was carried out. The prototype of starter/power generation module was fabricated. The verification test was carried out through the experimental platform. The results show that the
